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Description
TECHNICAL FIELD

[0001] This disclosure generally relates to compres-
sionmolding techniques, and deals more particularly with
a method of compression molding fiber reinforced ther-
moplastics parts.

BACKGROUND

[0002] Various efforts have been directed toward re-
placing machined metal parts with lighter weight molded
materials. For example, in the aircraft industry, some
metal parts have been replaced by plastic or composite
parts that are formed using any of a variety of techniques.
In addition to weight savings, parts made of polymeric
materials may be manufactured more economically, due
in part to the reduction of machining time and material
waste.

[0003] Prior efforts to manufacture relatively high
strength parts using polymeric materials have involved
compression molding sheet-molding compounds, and
laying up various forms of composite laminates using
thermoset materials. Each of these prior efforts may have
disadvantages. For example, low viscosity thermoset
materials have limited flow distances during molding, and
therefore may notbe capable of producing parts of higher
complexities. The use of sheet forms may not be suitable
for making parts that are small, complex or have changes
in cross sectional geometries. Existing manufacturing
techniques may also require relatively complex layups
and/or complicated molds which may not be cost effec-
tive for some applications. Finally, polymeric parts made
by existing processes may not exhibit mechanical prop-
erties that are substantially the same in all directions. For
example, laminated parts may not possess the same me-
chanical strength in both the in-plane and through-the-
thickness directions of the laminate. Similarly, molded
thermoset-resin chopped fiber parts may suffer from low
mechanical strength in the through-the-thickness direc-
tion.

[0004] Accordingly, thereis a need for a method of high
flow compression molding high strength, complex poly-
meric parts that exhibit essentially isotropic or quasi-iso-
tropic mechanical properties. There is also a need to re-
place machined metal parts with composite materials in
order to reduce both part weight and manufacturing
costs. Document WO-A-09/09123 discloses the features
of the preamble of claim 1,

SUMMARY

[0005] Inaccordance with the disclosed embodiments,
high flow compression molding of fiber reinforced ther-
moplastic resins reduces separation of the resin from the
fibers during the molding process, thereby reducing res-
in-rich and resin-poor areas that may be undesirable. The
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molding method produces at least near net shape carbon
composite parts and fittings of complex geometries and
tight dimensional tolerances. The disclosed method al-
lows long flow lengths of the resin and fiber mixture
through relatively complex mold passages, resulting in
three dimensional arrangements of fibers having differing
lengths that promote isotropic properties in the part. The
disclosed method is relatively simple and may eliminate
the need for pre-forms by optimizing the shape of the
fibers. The disclosed method is useful in compression
molding a variety of part features, including, but not lim-
ited to draft angles, ribs, cutouts, radii, holes, clevis and
lugs, to name only a few. The relatively high strength and
toughness of the compression molded thermoplastic
parts allows metal inserts such as lugs and bushings to
be incorporated into the part.

[0006] According to one disclosed embodiment, a
method is provided of making a composite part. The
method includes producing a plurality of flakes each con-
taining fibers. A mold charge is formed by introducing the
flakes and a thermoplastic resin into a mold. The charge
is compression molded into a part. Producing the flakes
may include cutting each of the flakes from fiber rein-
forced prepreg. The method may further comprise mixing
flakes of at least two different shapes, wherein forming
the charge includes introducing the flakes of two different
shapes into the mold. The compression molding method
may include compressing the mold charge at a rate that
results in turbulent flow of the mold charge through the
mold. The method may further comprise forming a hole
in the molded part, and installing a metal hardware insert
into the hole.

[0007] According to another disclosed embodiment, a
method is provided of molding a fiber reinforced compos-
ite part. The method includes cutting a plurality of flakes
from a unidirectional fiber perform pre-impregnated with
a thermoplastic resin, and forming a mold charge by in-
troducing a preselected quantity of the flakes into the
mold. The method includes compression molding the
mold charge into a mold cavity at a relatively high flow
rate that distributes the fiber substantially uniformly
through the mold cavity with a substantially random fiber
orientation. Cutting the flakes may include die cutting the
flakes from a strip of unidirectional prepreg tape. The
flakes may be in the shape of one or more of a square,
arectangle, a circle, an ellipse, a trapezoid, a triangle, a
hexagon or a diamond.

[0008] According to afurther embodiment, areinforced
composite part comprises a compression molded ther-
moplasticresin having randomly oriented fiber of differing
lengths providing multidirectional reinforcement. The fib-
ers are generally randomly oriented substantially
throughout the part. The part may further comprise at
leastone hole and a metal hardware insert secured within
the hole. In one embodiment, the hole may be threaded,
and the hardware insert may include a HeliCoil®. The
parts exhibit substantially quasi-isotropic properties.
[0009] Theinventionisdefinedinthe appendedclaims.
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[0010] The disclosed method of compression molding
and the fiber reinforced thermoplastic part produced
thereby satisfies the need for a relatively low cost man-
ufacturing technique for producing reinforced thermo-
plastic parts of relatively complex geometries that exhibit
substantially isotropic or quasi-isotropic properties.

BRIEF DESCRIPTION OF THE ILLUSTRATIONS
[0011]

FIG. 1 is an illustration of a block diagram of a com-
pression molding process, including a perspective
view of a reinforced thermoplastic part molded there-
by.

FIG. 2is an illustration of a diagram showing a meth-
od of cutting fiber flakes used in reinforcing the ther-
moplastic part shown in FIG. 1.

FIG. 3 is an illustration showing typical shapes for
the flakes.

FIG. 3A is an illustration of a fiber flake showing the
presence of differing fiber lengths.

FIG. 4 is an illustration of a flow diagram of a method
of compression molding a fiber reinforced thermo-
plastic part, optionally having hardware inserts.
FIGS. 5, 6, 7 and 8 are illustrations of perspective
views of typical fiber reinforced thermoplastic parts
produced by the disclosed molding method.

FIG. 9 is an illustration of a sectional view of a com-
pression molded part showing the part’s complexfib-
er microstructure.

FIG. 10 is an illustration of a diagram showing an
open compression mold being charged with prepreg
fiber flakes in preparation for molding a part.

FIG. 11 is an illustration of a sectional view showing
the mold of FIG. 10 having been closed to mold the
charge.

FIG. 12is an illustration of a sectional view showing
the flow of a mold charge through a portion of a mold
cavity.

FIG. 13 is an illustration of an exploded orthogonal
view of a compression molded thermoplastic part
having a tapped hole for receiving a HeliCoil® insert
and a threaded bolt.

FIG. 14 is an illustration of a flow diagram of aircraft
production and service methodology.

FIG. 15 is an illustration of a block diagram of an
aircraft.

DETAILED DESCRIPTION

[0012] Referring first to FIG. 1, the disclosed embodi-
ments relate to a method of high flow compression mold-
ing a fiber reinforced thermoplastic part 20 using a com-
pression molding machine 22. The molding machine 22
includes a mold 22a having a mold cavity 22b into which
amold charge 60 is introduced. The mold charge 60 com-
prises randomly oriented fiber flakes 24. As used herein,
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"high flow" molding refers to flow of the mold charge 60
over relatively long distances though the mold cavity 22b,
where "long distances" refers to distances that are mul-
tiples of the maximum length dimension of an individual
flake 24. Also, as used herein, "flakes" and "fiber flakes"
refer to individual, pieces, fragments, slices, layers or
masses that contain fibers suitable for reinforcing the part
20.

[0013] As will be discussed later in more detail, in one
embodiment, the mold charge 60 may comprise only fiber
flakes 24 that are formed from a unidirectional fibers pre-
impregnated with a thermoplastic resin. In this embodi-
ment, the source of the thermoplastic resin which forms
that part 20 is derived solely from the resin contained in
the flakes 24. Alternatively, in another embodiment, it
may be possible to use tackified dry fiber flakes 24 that
may not be pre-impregnated with resin, in which case a
premeasured quantity of thermoplastic resin 26 may add-
ed to the charge 60.

[0014] The flakes 24 have one or more specific shapes
which aid in maintaining a substantially uniform distribu-
tion and random orientation of the reinforcing fibers 33
(see FIGS. 3 and 4) within the melted mixture of resin
and reinforcing fibers as the melted mixture of fibers and
thermoplastic resin flows through various features, con-
strictions and extremities (all not shown) within the mold
cavity 22b. The specific shapes of the flakes 24 also as-
sist in imparting quasi-isotropic mechanical properties to
the part 20 by incorporating various lengths of fiber rein-
forcement within the mixture. The thermoplastic resin
which either forms part of the flakes 24 or which is added
to dry flakes 24, may comprise a relatively high viscosity
thermoplastic resin such as, without limitation, PEI (pol-
yetherimide) PPS (polyphenylene sulphide), PES (poly-
ethersulfone), PEEK (polyetheretherketone), PEKK (pol-
yetheretherketone), and PEKK-FC (polyetherketoneke-
tone-fc grade), to name only a few. The reinforcing fibers
in the flakes 24 may be any of a variety of high strength
fibers, such as, without limitation, carbon, metal, ceramic
and/or glass fibers. It may also be possible to reinforce
the part 20 by adding metallic and/or ceramic particles
or "whiskers" to the mold charge 60.

[0015] As will be discussed below, the mold charge 60
is subjected to heat and pressure in the compression
molding machine 22 which result in relatively fast flow
rates of the melted resin and fiber mixture that may ap-
proach or achieve turbulence at least in some parts of
the mold cavity 22b, especially when combined with mold
wall effects. Optionally, the part 22 may have hardware
inserts 42 formed from any of various metals, which are
either molded into the part 20 as part of the molding proc-
ess, or are installed after the part 20 has been molded.
[0016] Referring to FIG. 2, the flakes 24 may be, for
example and without limitation, formed by die cutting in-
dividual flakes 24 from a roll 27 of unidirectional prepreg
tape 25 having a backing 25a using a cutting die 29.
Alternatively, as previously mentioned, it may be possible
to form the flakes 24 from a tackified dry fiber perform
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(not shown), as by die cutting or other techniques. The
cutting die 29 may include a stationary portion 29a which
supports the tape 25 while a matching reciprocating die
member 29b cuts the flake 24 from the tape 25. The back-
ing 25a may be taken up on a second roll (not shown).
Alternatively, the flakes 24 may be cut from a sheet (not
shown) of unidirectional prepreg. It may also be possible
to form the flakes 24 using other production processes.
[0017] The flakes 24 may be substantially flat and may
have any of various outline shapes. For example, as
shown in FIG. 3, the flakes 24 may have the shape of a
square 24a, a rectangle 24b, a circle 24c, an equilateral
triangle 24d, a trapezoid 24e, a hexagon 24f or other
polygon (not shown), an ellipse 24g or a diamond 24h.
Other shapes are possible. In some embodiments, flakes
24 with two or more of the shapes 24a-24h may be mixed
together with the thermoplastic molding compound 26 in
order to provide a mixture having fibers 33 of differing
lengths.

[0018] The presence of fibers 33 having differing
lengths in the mixture aids in achieving a more uniform
distribution of the flakes 24 in the part 20, while promoting
isotropic mechanical properties and/or strengthening the
part 20. Flakes 24 having shapes such the circle 24c,
triangle 24d, hexagon 24f, ellipse 24g and diamond 24h,
may be particularly useful in improving the isotropic me-
chanical properties of the part 20 because of the fact that
these shapes resultin each flake 24 having differing fiber
lengths. For example, as shown in FIG. 3A, the fibers 31
near the top and bottom of the flake 24g have a length
L4 that is considerably shorter than the length L, of the
fibers 33 near the middle of the flake 24g. Long fibers 33
may provide high strength in a particular direction, while
shorter length fibers 31 allow the flakes 24 to be more
easily formed into complex three dimensional arrange-
ments. Accordingly, a combination or mix of long and
short fiber lengths within a single flake 24 may be partic-
ularly desirable. Generally, the size and shape of the
flakes 24 may be selected to optimize the flow, strength
and finish quality of the part 20.

[0019] Referring now to FIG. 4, the part 20 described
above may be manufactured using one embodiment of
a method that begins at step 28 with providing a tape or
sheet of unidirectional fiber prepreg, or in other embod-
iments, a tackified dry fiber preform. At step 30, the flakes
24 may be cut from the tape or sheet to the desired outline
shape. At step 32, a mold charge 60 (FIG. 1) is formed
by measuring, typically by weighing, a quantity of the
flakes 24 that is to form the charge 60 for a particular part
20. In those cases where the flakes 24 are made from a
tackified dry perform, a quantity of the thermoplasticresin
26 is also weighed which is to form part of the charge 60.
[0020] The mold charge 60 consisting of the premeas-
ured quantity of the flakes 24 (and optionally, the pre-
measured thermoplastic resin) is loaded into the mold
22a, such the fiber orientations of the flakes 24 are sub-
stantially random. In those embodiments where the fiber
flakes 24 are derived from a tackified dry fiber preform
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and itis necessary to separately add thermoplastic resin
26 to the charge 60, it may be desirable to arrange the
flakes 24 and the resin 26 in multiple, alternating layers
within the mold 60 to aid in mixing of resin 26 with the
dry fiber flakes 24 during the molding process. At step
36, the mold charge 60 is compression molded to pro-
duce arelatively high rate of flow of the charge throughout
the mold cavity 22b (FIG. 1). The flow rate of the mold
charge 60 through the mold cavity 22b will depend the
amount of heat and pressure that is applied during the
molding process which in turn may be dictated by the
particular application.

[0021] Inthose cases where the part 20 includes hard-
ware inserts 42, an additional set of steps 37, 39 and 41
may be performed. At step 37, one or more holes are
formed in the molded part 20, either by molding the holes
into the part 20 or by a machining process such as drilling
the part 20 after the part has been removed from the
mold 22a (FIG. 1). In those cases where the hardware
insert 42 may include threads, then the hole is tapped at
39, following which the hardware insert 42 may be in-
stalled at step 41.

[0022] FIGS.5, 6,7 and 8 illustrate typical parts having
relatively complex features that may be compression
molded using the disclosed molding method. FIG. 5 il-
lustrates a’ fitting 20a having integrally molded raised
bosses 38 and bushing inserts 42. FIG. 6 illustrates a
horizontal doubler 20b having molded-in, countersunk
holes 40 and nut plate inserts 44. FIG. 7 illustrates a pivot
fitting 20c having thinly tapered extremities 39 and mold-
ed-in countersunk holes 40. FIG. 8illustrates aload trans-
fer bar 20d having molded-in bushings 42.

[0023] FIG. Qillustrates, on a magnified scale, the rel-
atively complex fiber microstructure of a part 20 manu-
factured by the disclosed compression molding method
which results from use of relatively high viscosity ther-
moplastics and the extended distances over which the
mold charge 60 (FIG. 1) is made to flow with causing
separation of the fibers 31, 33. The high viscosity of the
thermoplastic molding resin tends to carry the reinforcing
fibers 31, 33 along with the resin flow throughout the mold
cavity 22b (FIG. 1) and may maintain the flakes substan-
tially evenly distributed, rather than allowing the concen-
tration of the flakes in any particular area to become too
high or too low. The relatively uniform distribution of the
fibers 31, 33 in the finished part 20 results in part from
the fact that the fibers 33 are initially distributed uniformly
in their prepreg state before the resin in the flakes 24
melt away. The relatively complex fiber microstructure
shown in FIG. 9, in which the fibers 31, 33 are distributed
substantially uniformly with substantially random fiber
orientations, results in the part 20 exhibiting substantially
isotropic or quasi-isotropic mechanical properties and
relatively complex failure modes.

[0024] FIGS. 10and 11illustrate apparatus forcarrying
out steps 32, 34 and 36 shown in FIG. 4. A compression
mold 52 includes first and second mold portions 52a, 52b
which may respectively have mold surfaces 56a, 56b cor-
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responding to the shape of the desired part 20 (FIG. 1).
The mold 52 includes a mold cavity 58 formed at least in
part by the mold surfaces 56a, 56b. The mold 52 may
include heating elements 54 for heating the mold 52 to
the desired temperature. As shown in FIG. 10, with the
mold 52 open, a premeasured quantity of prepreg flakes
24 may be introduced from a reservoir 48 into the mold
portion 52a. The premeasured flakes 24 are loaded into
the mold cavity 58 such that they are randomly oriented.
[0025] As shown in FIG. 11, the application of a force
F through a ram 62 to the mold section 52b forces the
mold portions 52a, 52b together, thereby compressing
the mold charge 60 within the mold cavity 58. The fibers
24 may be only randomly distributed in two planes when
they are initially placed in the mold 22a, however, once
the resin melts in the flakes 24 melts to release the fibers
31, 33, the long flow distances within the mold cavity 22b
"encourages" the fibers 33 (FIG. 3A) to distribute them-
selves into a complex, three dimensional, interlocking
arrangement, caused by obstacles, bends, friction
against the mold 22a, etc. The combination of the pres-
sure and heat applied to the charge 60 results in the
mixture of melted resin and individual fibers 31, 33 flowing
over relatively long distances throughout the mold cavity
58. As the resin flows through the mold cavity 58, the
flakes 31, 33 are carried along with the resin so as to be
substantially uniformly distributed throughout the mold
cavity 58, and substantially randomly oriented. Eventual
cooling of the mold 52 results in consolidation of the ther-
moplastic resin, leaving the differing lengths of fibers 33
(FIG. 3A) originating from the flakes 24 integrated within
the consolidated resin, with random orientations.
[0026] FIG. 12 graphically illustrates the flow of the
charge 60 around angle features 64 of a mold cavity 58
having a tapered extremity 66. The flow may include tur-
bulent components 68 that aid in maintaining a substan-
tially uniform mixture and distribution of the fibers 31, 33
within the flowing resin so as to avoid resin or fiber rich,
or resin or fiber poor areas within the finished part 20.
[0027] FIG. 13 illustrates the installation of a HeliCoil®
insert 70 into a typical thermoplastic part 20 made ac-
cording to the disclosed embodiment. A hole 71 is formed
in the part 20 as by drilling or molding. The hole 71 is
then tapped to form a set of thermoplastic, internal
threads 72 within the hole 71. Next, the HeliCoil® insert
70, which comprises a helically shaped metal coil 74, is
wound into the thermoplastic threads 72 in the hole 71.
Once installed in the hole 71 and seated within the ther-
moplastic internal threads 72, the metal coil 74 provides
a set of metal, female (internal) threads 75 within the hole
71 that may threadably receive the male (external)
threads 77 of another part (not shown) or a fastener such
as a bolt 79.

[0028] Embodiments of the disclosure may find use in
a variety of potential applications, particularly in the trans-
portation industry, including for example, aerospace, ma-
rine and automotive applications. Thus, referring now to
FIGS. 14 and 15, embodiments of the disclosure may be
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used in the context of an aircraft manufacturing and serv-
ice method 76 as shown in Figure 14 and an aircraft 78
as shown in Figure 15. During pre-production, exemplary
method 76 may include specification and design 80 of
the aircraft 78 and material procurement 82 in which the
disclosed parts 20 may be specified for use in compo-
nents and assemblies on the aircraft 78. During produc-
tion, component and subassembly manufacturing 84 and
system integration 86 of the aircraft 78 takes place. The
disclosed compression molding method may be used to
produce parts and components that are assembled dur-
ing processes 84, 86. Thereafter, the aircraft 78 may go
through certification and delivery 88 in order to be placed
in service 90. While in service by a customer, the aircraft
78 is scheduled for routine maintenance and service 92
(which may also include modification, reconfiguration, re-
furbishment, and so on). The disclosed method may be
used to parts 20 that are installed during the maintenance
and service 92.

[0029] Each of the processes of method 76 may be
performed or carried out by a system integrator, a third
party, and/or an operator (e.g., a customer). For the pur-
poses of this description, a system integrator may include
without limitation any number of aircraft manufacturers
and major-system subcontractors; a third party may in-
clude without limitation any number of vendors, subcon-
tractors, and suppliers; and an operator may be an airline,
leasing company, military entity, service organization,
and so on.

[0030] As shown in FIG. 15, the aircraft 78 produced
by exemplary method 76 may include an airframe 94 with
a plurality of systems 96 and an interior 98. The disclosed
method may be used to produce parts 20 that form part
of, or which may be installed on the airframe 94. Exam-
ples of high-level systems 96 include one or more of a
propulsion system 100, an electrical system 102, a hy-
draulic system 104, and an environmental system 106.
Any number of other systems may be included. Although
an aerospace example is shown, the principles of the
disclosure may be applied to other industries, such as
the marine and automotive industries.

[0031] The disclosed molding method may be em-
ployed to mold parts during any one or more of the stages
of the production and service method 76. For example,
components or subassemblies corresponding to produc-
tion process 84 may incorporate composite parts that are
produced using the disclosed molding method. Also, one
or more method embodiments, or a combination thereof
may be utilized during the production stages 84 and 86,
for example, by substantially expediting assembly of or
reducing the cost of an aircraft 78.

[0032] Although the embodiments of this disclosure
have been described with respect to certain exemplary
embodiments, it is to be understood that the specific em-
bodiments are for purposes of illustration and not limita-
tion, as other variations are possible within the definition
of the appended claims.
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Claims throughout the resin.

10. The method ofclaim 1, wherein the flakes have at

1. A method of making a composite part (20), compris-

ing: least one of the following shapes:
5
producing a plurality of flakes (24) each com- asquare, a rectangle, a circle, an ellipse, a trap-
prising fibers (24); ezoid, a hexagon, and a triangle.
forming a mold charge (60), including introduc-
ing the plurality of flakes and a thermoplastic
resin into a mold (22a); and 10 Patentanspriiche
compression molding the mold charge into a
part, creating a molded part, 1. Verfahren zum Fertigen von Verbund-Teilen (20) mit
characterized in that Herstellen einer Vielzahl von Flocken (24), die je-
the compression molding includes compressing weils Fasern (24) aufweisen; Ausbilden einer Guss-
the mold charge at arate that results in turbulent 75 form-Fllung (60) mit Einbringen der Vielzahl von
flow of the mold charge through the mold. Flocken und einem thermoplastischen Harz in eine
Gussform (22a);
The method of claim, 1, wherein producing the flakes Formpressen der Gussform-Fillung in ein Teil und
(24) includes cutting each of the flakes from fiber Erzeugen eines gegossenen Teils,
reinforced prepreg. 20 dadurch gekennzeichnet, dass
das Formpressen aufweist: Pressen der Gussform-
The method of claim 1, Fillung mit einer Rate, die zu einer turbulenten Stro-
mixing flakes of at least two different shapes (24a - mung der Gussform-Flllung durch die Gussform
24h) respectively having fibers of differing lengths fuhrt.
wherein forming the charge includes introducing the 25
flakes of two different shapes into the molding com- 2. Verfahren nach Anspruch 1, wobei das Herstellen
pound. der Flocken (24) aufweist:
The method of claim 1, wherein: Schneiden jeder Flocke von einem faserver-
30 starkten vorimpragnierten Werkstoff.
producing the flakes includes cutting each of the
flakes from a dry fiber preform, and 3. Verfahren nach Anspruch 1,
introducing the thermoplastic resin into the mold Mischen von Flocken, die zumindest zwei unter-
is performed separately from introducing the schiedlichen Formen (24a-24h) und die jeweils Fa-
flakes into the mold. 35 sern unterschiedlicher Lange besitzen,
wobei das Formen der Fillung das Einfliihren der
The method of claim 1, further comprising: Flocken von zwei unterschiedlichen Formen in den
Guss-Verbund aufweist.
forming a hole in the molded part (42),
installing a hardware insert (44) into the hole. 40 4. Verfahren nach Anspruch 1, wobei
das Herstellen der Flocken aufweist: Schneiden der
The method of claim 5, wherein: Flocken von einer trockenen Faser-Vorform, und
wobei das Einbringen des thermoplastischen Har-
the hole is formed by drilling, and zes in die Gussform getrennt vom Einflihrungen der
inserting the hardware includes tapping threads 45 Flocken in die Gussform ausgeflhrt wird.
in the part within the hole and threading an insert
into the hole. 5. Verfahren nach Anspruch 1, ferner mit:
The method of claim 1, wherein the fibers are pre- Formen eines Lochs in das gegossene Teil (42),
impregnated with the thermoplastic resin. 50 Einsetzen eines Hardware-Einsatzes (44) in das
Loch.
The method of claim 7, wherein the thermoplastic is
one of: 6. Verfahren nach Anspruch 5, wobei
das Loch durch Bohren ausgebildet wird, und
PEI, PPS, PES, PEEK, PEKK, and PEKK-FC 55 das Einsetzen der Hardware aufweist: Schneiden ei-

The method of claim 1, wherein the fibers are carbon
fibers and are distributed substantially uniformly

nes Gewindes in das Teil innerhalb des Lochs und
Einschrauben des Einsatzes in das Loch.
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Verfahren nach Anspruch 1, wobei die Fasern vor-
impragniert sind mit dem thermoplastischen Harz.

Verfahren nach Anspruch 7, wobei das thermoplas-
tische Material eines ist aus:

PEI, PPS, PES, PEEK, PEKK, und PEKK-FC.

Verfahren nach Anspruch 1, wobei die Fasern Kar-
bon-Fasern sind und im Wesentlichen gleichmaRig
im Harz verteilt sind.

Verfahren nach Anspruch 1, wobei die Flocken zu-
mindest eine der folgenden Formen besitzen: qua-
dratisch, rechteckig, kreisférmig, elliptisch, trapez-
férmig, sechseckig oder dreieckig.

Revendications

1.

4,

Procédé de fabrication d’'une piéce composite (20),
comprenant :

la production d’une pluralité de flocons (24), cha-
cun comprenant des fibres (24) ;

la formation d’'une charge de moule (60), com-
prenant l'introduction de la pluralité de flocons
et d'une résine thermoplastique dans un moule
(22a) ; et

le moulage par compression de la charge de
moule pour produire une piece, en créant une
piece moulée,

caractérisé en ce que

le moulage par compression comprend la com-
pression de la charge de moule a une vitesse
qui résulte en un écoulement turbulent de la
charge de moule a travers le moule.

Procédé selon larevendication 1, dans lequel la pro-
duction des flocons (24) comprend le découpage de
chacun des flocons dans un matériau préimprégné
renforcé par des fibres.

Procédé selon la revendication 1, comprenant :

le mélange de flocons ayant au moins deux dif-
férentes formes (24a-24h) comportant respec-
tivement des fibres de différentes longueurs,

dans lequel la formation de la charge comprend
l'introduction des flocons ayant au moins deux
différentes formes dans le composé de moula-

ge.

Procédé selon la revendication 1, dans lequel :

la production des flocons comprend le décou-
page de chacun des flocons dans une préforme
fibreuse séche, et
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I'introduction de la résine thermoplastique dans
le moule est réalisée séparément de l'introduc-
tion des flocons dans le moule.

Procédé selon la revendication 1, comprenant en
outre :

laformation d’un trou dans la pieéce moulée (42),
la mise en place d’'un élément matériel inséré
(44) dans le trou.

Procédé selon la revendication 5, dans lequel :

le trou est formé par percage, et

I'insertion de I'élément matériel comprend la for-
mation par taraudage de filetages dans la piece
a lintérieur du trou et le vissage d’'un élément
inséré dans le trou.

Procédé selon la revendication 1, dans lequel les
fibres sont pré-imprégnées avec la résine thermo-
plastique.

Procédé selon la revendication 7, dans lequel le ma-
tériau thermoplastique est I'un de:

PEI, PPS, PES, PEEK, PEKK, et PEKK-FC.

Procédé selon la revendication 1, dans lequel les
fibres sont des fibres de carbone et sont réparties
de fagon sensiblement uniforme a travers la résine.

Procédé selon la revendication 1, dans lequel les
flocons ont au moins I'une des formes suivantes : un
carré, un rectangle, un cercle, une ellipse, un trapé-
zoide, un hexagone, et un triangle.



EP 2 496 404 B1

1 S
"7 Iy A

[ MoLD cHARGE |~—60

JL

J O | | OPTIONAL
24 FIBER FLAKES |—— [~~7"1 THERMOPLASTIC |

" COMPRESSION MOLDING MACHINE

et

—

s =

3




EP 2 496 404 B1

| ——=]

33
. —2a oap | —24¢ 24d
o™ Seal s

3

33
FIG. 3 .

2
3 33 24h
B e 24f; ;24g é

PROVIDE FIBER TAPE/SHEET | ~_-28

y :

CUT FLAKES FROM TAPE/SHEET }~_-30

' v

FORM MOLD CHARGE (WEIGH) t—~—-32

- LOAD CHARGEINTOMOLD [~_-34
Y

MOLD CHARGE
(APPLY HEAT / PRESSURE)

Y
FORM HOLE(S) IN MOLDED PART
AS NEEDED (MOLD OR DRILL)

+ .
TAPHOLE(S) f~_-39
3 v v
INSTALL HARDWARE [~—41

FIG.4

FIG.3A



EP 2 496 404 B1

10



EP 2 496 404 B1

ﬁg =2 @&'V%°%N&%£ :
ST e e pe

o3
. @;}343%731’33
= ————u U o

I~ 48

1"



EP 2 496 404 B1

'/"‘\“‘7‘ O
‘ 3?4_)0\/(, \&k ?i
&7 NH»

%\RXH \\y\w \/\RXHHY?A
&Tg_v\ Pﬁz_ S L%% &%A ;j\fﬁ

FIG. 12

. 58

FIG.13



EP 2 496 404 B1

76

\,\

SPECIFICATION AND DESIGN -—~_-80

'

MATERIAL PROCUREMENT . (\'/82

'

COMPONENT AND SUBASSEMBLY MFG. |- ~—-84

'SYSTEM INTEGRATION [—~-86
CERTIFICATION AND DELIVERY —~—88

'

| IN SERVICE ~—90

'

' MAINTENANCE AND SERVICE —~—92

| . FIG.14
B S
i \\ 100

AIRCRAFT [~ — — overene

N _  SYSTEMS 1
94~ AIRFRAME : PROPULSION || ELECTRICAL Jl'v102
98__~H INTERIOR |![ HYDRAULIC |[ ENVIRON. PH~_-106
| - L =] |
104

FIG.15

13



EP 2 496 404 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* WO 0909123 A [0004]

14



	bibliography
	description
	claims
	drawings
	cited references

